The Malita Graben is located in the northern Bonaparte Basin, between the Sahul Platform to the northwest and the Petrel Sub-basin and Darwin Shelf to the south. The wells Beluga 1, Heron 1, Evans Shoal 1, Evans Shoal 2 and Seismic Line N11805 are selected to determine the thermal history and potential of hydrocarbon generated from the Plover, Elang, Frigate Shale (Cleia and Flamingo), and Echuca Shoals formations source rocks. 
Introduction
The Malita Graben is a northeast-trending dominantly Mesozoic-Cenozoic depocentre (Triassic) in the northern Bonaparte Basin that lies between the Sahul Platform to the northwest and the Petrel Sub-basin and Darwin Shelf to the south (Figure 1) . The Petrel Sub-basin was the principal depocentre during the Paleozoic, including a phase of north-west rifting in the Silurian to Carboniferous, but the Malita Graben did not form until the Early Mesozoic when north-east rifting commenced, intensifying in the Late Jurassic and culminating in break-up to the west in the Valanginian. Thermal history is vital to both maturity modeling and kinetic modeling. The study of thermal history is the precursor and presupposition to hydrocarbon generation history modeling. The Malita Graben contains several wells including Beluga 1, Heron 1, Heron 2, Evans Shoal 1 and Evans Shoal 2. The principal source rocks of the northern Bonaparte Basin encompass shales of the Early-Middle Jurassic Plover, upper-Middle to lower-Late Jurassic Elang and Late Jurassic to Early Cretaceous Frigate Shale (Cleia and Flamingo) formations [1] [2] , and Lower Cretaceous Echuca Shoals Formation. The most important source rock in the Malita Graben occurred in the Plover Formation, which was also the most important reservoir target. [3] [4] have discussed the potential of this formation and its associate with hydrocarbons. The exploration of the field was started in 1971 with well Heron 1; the existence of substantial shows of hydrocarbons in the CretaceousUpper Jurassic section enhanced these intervals as potential source rocks in the offshore portion of the Bonaparte Gulf Basin. The second well Evans Shoal 1 discovered gas in low porosity sandstones of lower-Middle Jurassic Plover Formation. The source rock analysis suggested that the gas could have been derived from Jurassic or Early Cretaceous rocks in the vicinity of the well or further down-dip. The third well Beluga 1 encountered gas indications in the Bathurst Island Group, and gas shows within the Flamingo Group and Plover Formation. The fourth well Evans Shoal 2 was successful in meeting all objectives and established a maximum stable flow rate of 25.5 MMscf/d (Million standard cubic feet per day) showing presence of significant gas source. The recent drilling Heron 2 is reported as a gas discovery within the Elang and Plover formations [5] . These data urge us to investigate the potential of hydrocarbon generated from Jurassic to Early Cretaceous source rocks of the Malita Graben. Our study aimed at determining the thermal history and potential of hydrocarbon generated from the Plover, Elang, Frigate Shale, and Echuca Shoals formations source rocks of the Malita Graben.
Geological Setting
The geology history of the northern Bonaparte Basin have been described by [6] [7] and are summarized by [8] and is associated with three main phases of rifting. The oldest was initiated in the Paleozoic and has a northwesterly trend. Overprinting this is a Permo-Carboniferous episode of rifting, which created a northeasterly structural grain. A later phase of rifting related to "break-up", was initiated as early as the Late Triassic, but has its main expression from the Callovian to Kimmeridgian syn-rift (Figure 2) . A number of significant regional discontinuities are recognized in the Middle, Late Jurassic and Early Cretaceous sequences, related to the effects of sea level fluctuations and 'break-up' along the north-western margin of Australia. The rapid subsidence in the Malita Graben was taken by the northeast-southwest trending faults in the northern Bonaparte Basin and was developed as its major Mesozoic depocentre. The average water depth in the Malita Graben is 79.35 m (meter). The structural architecture of the area is illustrated by regional seismic line oriented northwest to southeast across the Evans Shoal area and the well Beluga 1, and the thick Mesozoic section within the Malita Graben depocentre is shown on the northwest southeast dip line, which extends from the Sahul Platform throughout the Malita Graben to the Darwin Shelf (Figure 3 ). Mesozoic and Cenozoic sediments are probably up to 10,000 m thick in the Malita Graben and are underlain by a considerable section of Pennsylvanian-Permian sediments. The thick markedly Lower-Middle Jurassic Plover Formation sediments in the graben, possibly comprise good quality source rocks. The reservoir units in many of the commercial petroleum accumulations in the northern Bonaparte Basin are formed by the retrogradational deltaic sandstone deposits (Elang and Montara formations) during the onset of extension in the Middle Callovian caused by a widespread marine transgression. These marine sediments are gas-prone within the Malita Graben. Mudstones of the upper Middle Jurassic-Lower Neocomian Flamingo Group (Frigate Shale) provide additional source potential in the area. Early Cretaceous to Paleogene (post-rift) thermal subsidence, including the Lower Cretaceous Echuca Shoals Formation may have some source potential in the graben. The Cretaceous-Cenozoic section exceeds 4000 m in thickness in the central Malita Graben. Miocene to Holocene convergence of the Indo-Australian and Southeast Asian plates has resulted in the formation of a major tectonic collision zone (Banda Orogen), the 2000 -3000 m deep Timor Trough and widespread fault reactivation across the western of the Bonaparte Basin.
Materials and Methods

Materials and Input Parameters
The materials and input data required to run into the BasinMod 1-D of our study comprise the present thick nesses of each stratigraphic unit, top and base wellbore depths, and the lithology mixes data are derived from composite well logs (Table 1) . Biostratigraphy is derived from the ditch cuttings, sidewall cores and conventional cores were washed, separated and analyzed for micro fauna (Foraminifera) and flora (spores and pollens) to attribute a presumed age to each interval studied, kerogen types, total organic carbon (TOC), kinetic algorithms and results of pyrolysis analyses, the location of wells, and organic thermal indicators include vitrinite reflectance values; the water-sediment interface temperatures after [9] and subsurface bottom hole temperatures (BHTs) through time, the short term sea level proposed by [10] - [12] , geologic time scale 1989 Harland, the density of asthenosphere (ρ m ) and water (ρ w ) are 3.40 g/cm 3 and 1.03 g/cm 3 respectively, the Beta factor (ß) and thickness of lithosphere (a) can be obtained accepting default values of 2 and 125 km, respectively, all mixed parameters, the initial porosity, reciprocal and exponential compaction factors, the matrix density, matrix thermal conductivity, and matrix heat capacity are adopted from the default values in BasinMod Software package. 
Methods
One-Dimensional Basin Mod
The compaction has the most significant impact on thermal history, which affects the timing of source rock maturity and hydrocarbon generation. The exponential factor expresses how much a specific lithology will be reduced in thickness and this was calculated following the equation of [13] that assumes porosity changes proportionally to the change in sediment load:
where: ϕ is porosity (%). ϕ 0 is initial porosity (%). K is compaction factor adjusted for varying compressibilities of different lithologies (m
−1
). Z is depth (m). Mathematical method comprises the equations of backstripping and tectonic subsidence [14] is used to reconstruct the burial history:
( ) ).
i S is the thickness of stratigraphic unit i after compaction correction (m). BasinMod 1-D technique is used to restructure burial and thermal histories and the processes of hydrocarbon generation that determine the maturation parameters, such as the time of onset, peak, and end of oil generation and wet gas window. The models used are:
The change in temperature with depth of the study area. The relationship is: Geothermal gradient (˚C/m) = Change in temperature (˚C)/change in depth (m) (4) The transient heat flow equation is used to represent thermal conduction and convection supposing that the heat transfer in 1D is by vertical conduction using the following equation:
where:
where: ( ) Modified [17] by [18] , hydrogen index (HI) versus oxygen index (OI), is used for characterization of kerogentypes, potential yield (S1 + S2) versus total organic carbon (TOC) for potential generating hydrocarbon, and Ro% versus Depth for thermal maturity.
Maturity history will be simulated based on the burial history reconstructed in the geohistory model. The methodology involves derivation of the heat flow history using the present-day observed temperatures with paleo-temperature indicator data (such as vitrinite reflectance Ro) and adjusting them against the computed maturity and thermal curves until best-fit models are reached, which considered representing the thermal history experienced by the sediments in the past [19] .
Maturation and hydrocarbon generation model: Predicted maturation and timing of hydrocarbon generation are based on Lawrence Livermore National Laboratory (LLNL) vitrinite and kerogen kinetics.
Two-Dimensional Basin Mod
Two-dimensional modeling is scanned input 2-D Seismic Line N11805 that crosses the study area in the north-west-southeast trend comprising eight stratigraphic horizons that best depicts the structure, temperature, maturity, and generation histories. Whereas Two-Way-Time (milliseconds) conversions to depths in meters is done outside of Basin Mod 2-D.
Basin View takes Basin Mod 1-D, gridded data, or scattered X, Y, Z, data, which allows us to calculate surface and to draw the isoline of present day heat flow.
Results and Discussion
Thermal History
Geothermal Gradient
A total of thirty two (32) measured temperatures were obtained from four wells, which were analyzed and interpreted to investigate the thermal history of the Malita Graben. The top and bottom depths temperatures according to this linear relationship are used to calculate the gradient to avoid seasonal variation in surface temperatures [20] . The results of bottom hole temperatures (BHTs) analysis have shown that there is a differential distribution of the geothermal gradient among the wells in the study area. The well Beluga 1 reached a total depth of 3100 m KB (Kelly Bushing) within the Plover Formation, and the calculated extrapolated static bottom hole temperature of 122.32˚C, with temperature gradient of 3.05˚C/100 m (Sea bed temperature was 27.80˚C), measured by an applied microsystems 12 (Broken Hill Proprietary Petroleum Pty Ltd, 04/06/1991). The well Heron 1 reached a total depth of 4209 m KB within Petrel (Frigate) Formation, and the calculated extrapolated static bottom hole temperature is reported as 183˚C, with a temperature gradient of 3.87˚C/100 m (sea bed temperature is assumed to be 20˚C). The well Evans Shoal 1 reached a total depth of 3712 m KB within the Plover Formation, with a calculated extrapolated static bottom hole temperature of 170˚C and a temperature gradient of 4.04˚C/100 m (sea bed temperature is assumed to be 20˚C), similarly the Evans Shoal 2 well reached a total depth of 3940 m DF within the Plover Formation, with a calculated extrapolated static bottom hole temperature of 179.67˚C, with a geothermal gradient of 4.05˚C/100 m, and sea bed temperature is assumed to be 20˚C (Figure 4 ). The regional geothermal gradient average of 3.75˚C/100 m is obtained in the Malita Graben, northern Bonaparte Basin. The lower geothermal gradient (3.05˚C/100 m) is located in the well Beluga 1, in the southeast of the Malita Graben and maximum geothermal gradient (4.05˚C/100 m) is located in well Evans Shoal 2 on a terrace north of the study area. These dissimilarities in geothermal gradients may reflect the changes in the thermal conductivity of the source rocks and the presence of intrusive bodies in the Malita Graben.
Temperature Evolution
BasinMod 2-D is used to predict temperature evolution in the Malita Graben utilizing the Seismic Line N11805. The temperature of the source rocks along this Seismic Line interpreted to have been initiated at a level of less than 80˚C and concluded at a level of 200˚C -275˚C. The temperature evolution history can be described as follows: At 90 Ma the temperature of less than 80˚C occurred at the base of Echuca Shoals Formation source rock throughout the study area, and in the south margin took place at the base of Upper Frigate Shale Formation source rock, while the temperature of 80˚C -100˚C at its base in the center and the north margin of the study area. The temperature of 80˚C -100˚C occurred at the base of Lower Frigate Shale Formation source rock in the south margin and the temperature of 100˚C -130˚C at its base in the center and the north margin of the study area. The temperature of 100˚C -130˚C occurred at the base of Elang Formation source rock throughout the study area. The temperature of 100˚C -130˚C took place at the base of Plover Formation source rock in the south margin and the temperature of 130˚C -150˚C at its base in the center and the north margin, and increased with depth and reached a maximum value of 275˚C at the base of P + C + D in the center of Malita Graben (Figure 5(a) ). At 65 Ma, the temperature of 80˚C -100˚C occurred at the base of Echuca Shoals and Upper Frigate Shale formations source rocks in the south margin and the temperature of 100˚C -130˚C at their base in the center and the north margin of the study area. The temperature of 100˚C -130˚C occurred at the base of Lower Frigate Shale and Elang formations source rocks in the south margin and the temperature of 130-150˚C at their base in the center and the north margin of the study area. The temperature of 100˚C -130˚C occurred at the base of the Plover Formation source rock in the south margin and the temperature of 150˚C -200˚C at its base in the center and the north margin and increased with depth and reached a maximum value of 275˚C at the base of its base in the center and the north margin of the study area. The temperature of 100˚C -130˚C occurred at the base of the Frigate Shale and Elang formations source rocks in the south margin and the temperature of 130˚C -150˚C at their base in the center and the north margin of the study area. The temperature of 100˚C -130˚C took place at the middle of the Plover Formation source rock in the south margin and the temperature of 150˚C -200˚C at its base in the center and the north margin and reached a maximum value of 275˚C at the base of P + C + D in the center of the study area ( Figure 5(c) ). At the present-day the temperature of 100˚C -130˚C occurred at the top of Echuca Shoals Formation source rock in the south margin and the temperature of 130˚C -150˚C at its base in the center and the north margin of the study area. The temperature of 100˚C -130˚C occurred at the base of the Frigate Shale and Elang formations source rocks in the south margin and the temperature of 150˚C -200˚C at their base in the center and the north margin of the study area. The temperature of 100˚C -130˚C took place at the top of Plover Formation source rock in the south margin and the temperature of 150˚C -200˚C at its base in the center and north margin and increased with depth and reached a maximum value of 275˚C at the base of P + C + D in the center of the study area (Figure 5(d) ). The modeling results are calibrated to the measured temperature values for the wells Beluga 1, Heron 1, Evans Shoal 1, Evans Shoal 2 and to the Seismic Line N11805 (Figure 4 and Figure 5 ). The correspondence between the simulated and the measured temperature values is remarkably good, which indicates that the accuracy is relatively higher for both 1D and 2D modeling.
Heat Flow
The present day heat flow ( 
Source Rock Richness and Hydrocarbon Generation Potential
The measurements of total organic carbon (TOC) and thermal cracking of the organic matter by pyrolysis (S1 and S2 mg HC/g rock) are essential in evaluating source rock richness and hydrocarbon generation potential were carried out as stated by the standard guidelines suggested by [21] . The Tuatara (UFrigate) Formation source rock in the well Beluga 1 contains two (2) TOC and S1 + S2 values ranging from 0.67 to 1.08 wt% with an average of 0.88 wt% and from 2.2 to 3.75 mg HC/g rock with an average of 2.98 mg HC/g rock, respectively ( Table 2) . These values indicate that the Tuatara (UFrigate) Formation is a fair to good source rock with poor to fair hydrocarbon generative potential,and the Beluga (LFrigate) Formation source rock has four (4) TOC, which vary from 0.20 to 0.54 wt% whith an average of 0.38 wt%, showing a poor-to-fair source rock, hence the poor hydrocarbon generation potential. Similarly, the Jacaranda (Elang) Formation, two (2) readings TOC, varying from 0.37 to 0.49 wt%, that have the mean value of 0.48 wt%, indicating a poor source rock, therefore the poor hydrocarbon generating potential should be shown. The Plover Formation in the well Beluga 1 gave a TOC value of 0.61 wt% and S1 + S2 of 1.97 mg HC/g rock, indicating a fair source rock with poor hydrocarbon generative potential (Figure 8(a) ). It is uncommon for sediments from northern Bonaparte Basin with less than 1 per cent Total Organic Carbon to represent significant hydrocarbon source rocks, thus the Beluga (LFrigate), Jacaranda (Elang) and Plover Formation are a poor-to-fair source richness with poor hydrocarbon generation potential in the southeast of the Malita Graben. The Echuca Shoals Formation in the well Heron 1 comprises thirty two (32) TOC ranging from 0.34 to 4.45 wt% with an average of 2.02 wt%, and twenty five (25) S1 + S2 varying from 0.25 to 7.82 mg HC/g rock with an average of 1.60 mg HC/g rock, indicating a poor-to-very good organic richness with poor-to-good hydrocarbon generative potential. The Petrel (Frigate Shale) Formation contains fifty eight (58) TOC ranging from 0.56 to 26.40 wt% with an average of 3.44 wt%, and twenty nine (29) S1 + S2 ranging from 0.43 to 23.90 mg HC/g rock with an average of 2.17 mg HC/g rock, indicating a fair-tovery good source rock with poor-to-very good hydrocarbon generating potential (Figure 8(a) ). The Echuca Shoals Formation in the well Evans Shoal 1contains five (5) TOC and S1 + S2 ranging from 0.90 to 2.29 wt% with an average of 1.63 wt% and from 0.47 to 1.07 mg HC/g rock with an average of 0.74 mg HC/g rock, indicating fair-to-very good source rock with poor hydrocarbon generative potential. Similarly, the Echuca Shoals Formation in the well Evans Shoal 2 comprises five (5) TOC and S1 + S2 ranging from 0.59 to 2.05 wt% with an average of 1.39 wt% and from 1.08 to 2.51 mg HC/g rock with an average of 2.02 mg HC/g rock. The Plover Formation in the well Evans Shoal 1 has six (6) TOC and S1 + S2 varying from 0.85 to 5.72 wt% with an aver- TOC is total organic carbon (wt%). (S1 + S2) are the total amount of petroleum that might be generated from a rock. S1 is the free hydrocarbons (mg HC/g rock). S2 is the hydrocarbon potential of source rock (mg HC/g rock). S2/S3 ratio can be used to determine what product is likely to be expelled from the rock during peak maturity. S3 is amount of oxygen-containing compounds generated during pyrolysis in mg CO 2 /g rock. HI is the hydrogen index (mgHC/gTOC). OI is the oxygen index (mg CO 2 /g TOC).
-is no data. Minimum value: Maximum value Average (number of samples).
age of 2.86 wt% and from 0.59 to 21.55 mg HC/g rock with an average of 6.32 mg HC/g rock, indicating a fairto-very good source richness with poor-to-very good hydrocarbon generative potential. The Cleia (LFrigate) Formation source rock in the well Evans Shoal 2 comprises ten (10) TOC and S1 + S2 ranging from 0.95 to 3.67 wt% with an average of 1.92 wt% and from 1.28 to 6.74 mg HC/g rock with an average of 2.38 mg HC/g rock, likewise, the Plover Formation source rock in the same well contains four (4) TOC and S1 + S2 ranging from 0.71 to 4.94 wt% with an average of 1.85 wt% and from 0.88 to 8.15 mg HC/g rock with an average of 2.85 mg HC/g rock, indicating a fair-to-very good organic richness with poor-to-good hydrocarbon generation potential (Figure 8(a) ).
Source Rock Type
We assess the source rock type, based on the modified van Krevelen diagram of Hydrogen Index (HI) versus Oxygen Index (OI) (Figure 8(b) ), and what we find on the liptinite (exinite), vitrinite, and inertinite, which are the three important maceral groups in coal and sedimentary rocks [22] . The HI and coal maceral data of Plover, Elang, Frigate Shale and Echuca Shoals formations source rocks in the Malita Graben is variable from one well to another ( Table 2 and Table 3 Table 2 ). The Echuca Shoals Formation in the well Evans Shoal 2 possesses five (5) HI, which range from 95 to 139 mg HC/g TOC with an average of 118.40 mg HC/g TOC, indicating gas prone with type III kerogen predominantly. Similarly, in the same well the Cleia (LFrigate) Formation source rock, ten (10) HI readings were recorded, which vary from 55 to 174 mg HC/g TOC with an average of 99.10 mg HC/g TOC, and Plover Formation source rock, four (4) HI readings were recorded, ranging from 76 to 151 mg HC/g TOC with an average of 100.75 mg HC/g TOC. Some source rocks from Echuca Shoals and Petrel (Frigate) formations in the well Heron 1, and Echuca Shoals, Cleia (LFrigate) and Plover formations in the Evans Shoal 1 well contain inertinite Type IV kerogen (Figure 8(b) ) and ( Table 2 ). These pyrolysis results and coal maceral data (Table 3) show that these formations are not expected to generate liquid hydrocarbons.
Source Rock Maturity
Vitrinate reflectance (Ro %) value was used to assess the degree of thermal maturity attained by the examined source rocks in the study area (Figure 8(c) ). The Tuatara (UFrigate) Formation source rock, twenty five (25) Ro readings were recorded, which range from 0.50% to 0.74%, with an average of 0.59%, the Beluga (LFrigate) Formation source rock, twelve (12) Ro readings were recorded, varying from 0.55% to 0.70%, that have the mean value of 0.62%, and the Jacaranda (Elang ) Formation source rock, twenty five (25) Ro readings were recorded, ranging from 0.58 to 0.84, with an average of 0.67%, these values indicate early to mid-mature oil window, corresponding to depth 2515.50 m, 2697.5 m and 2948 m, respectively, whereas the Plover Formation source rock, twenty five (25) Ro readings were recorded, which vary from 0.46% to 0.84% that have the mean value of 0.70%, indicating different maturity levels, varying from immature to mid-mature oil window with overall mean of mid-mature oil window, corresponding to depth 3023 m. The Echuca Shoals Formation source rock in the well Heron 1, twenty one (21) Ro readings were recorded, which range from 0.56% to 2.13%, that have the mean value of 1.32%, showing different maturity levels, varying from early to post-mature with overall mean of late to post mature levels, corresponding to the depth of 3289 and 3390 m, respectively, and the Petrel (Frigate) Formation source rock, one hundred (100) Ro readings were recorded, which vary from 1.08% to 4.06% with an average of 2.07%, indicating late to post-mature with overall mean of post mature level, corresponding to the depth below 3561m, similarly, the Echuca Shoals Formation source rock in the well Evans Shoal 1 contains eight (8) Ro readings, ranging from 1.14% to 1.54% with an average of 1.40%, corresponding the depth below 3469.93 m. The Cleia (LFrigate) Formation source rock in the Evans Shoal 1 well has three (3) Ro, which vary from 1.32% to 1.49%, with an average of 1.39%, showing post mature level, corresponding to the depth of 3540.98 m, likewise, the Plover Formation source rock, forty two (42) Ro readings were recorded, which range from 1.44% to 2.35%, with an average of 2.02%, corresponding to the depth below 3592.5 m. The Echuca Shoals Formation source rock in the well Evans Shoal 2, ten (10) Ro readings were recorded, which vary from 0.41% to 0.61% that have the mean value of 0.48%, indicating different maturity levels, varying from immature to early mature oil with overall mean of early mature oil window, corresponding to the depth of 3483 m and 3497 m, respectively, and in the same well the Cleia (LFrigate) Formation source rock, forty nine (49) Ro readings were recorded, ranging from 0.34% to 1.33% with an average of 0.99%, showing different maturity levels, varying from immature to post mature with overall mean of mature level, corresponding to the depth below 3507 m, whereas the Plover Formation source rock, sixty one (61) Ro readings were recorded, varying from 0.68% to 2.11% with an average of 1.46%, these values indicate different maturity levels, varying from early mature to post-mature with overall mean of mature to post mature levels, corresponding to the depth of 3563m and 3857m, respectively. On the other hand, the interpretation of source rock maturation levels and hydrocarbon generation across in the study area was conducted using the Seismic Line N 11805 with present day heat flow value of 64 mW/m 2 . The maturity is interpreted to have been initiated at a level of thermal maturity of 0.5% -0.7% Ro and con-cluded at a level of thermal maturity of 1.3% -2.0% Ro (Figure 9) . The generation evolution history along this line can be described as follows: At 90 Ma, the Echuca Shoals Formation source rock was immature and at the base of Frigate Shale Formation entered early mature oil window throughout the study area, respectively, while at the base of Elang Formation source rock entered early mature oil window in the south margin and mid-mature oil window in the center and north margin of the study area, and at the base of Plover Formation source rock entered mid-mature in the south margin, whereas late mature oil window in the center and north margin of the study area (Figure 9(a) ). At 65 Ma, the onset of the early mature oil occurred at the base of the Echuca Shoals Formation source rock throughout the study area. The early mature oil window entered at the base of the Frigate Shale Formation source rock in the south margin, and mid-mature oil window in the center and the north margin of the study area. The Elang and Plover formations source rocks entered mid-mature oil window in the south margin and late mature oil window in the center and the north margin of the study area (Figure 9(b) ). At 23. Ma, the Echuca Shoals Formation source rock entered early mature oil window in the south margin and mid-mature oil window in the center and the north margin of the study area. The Frigate Shale Formation source rock entered mid-mature oil window in the south margin and late mature oil window in the center and the north margin of the study area. The Elang and Plover formations source rocks entered mid-mature oil window in the south margin, late mature oil to wet gas window in the center and the north margin of the study area ( Figure  9(c) ). At the present-day, the Echuca Shoals Formation source rock entered early mature oil window in the south margin, and mid to late mature oil window in the center and the north margin of the study area. The Frigate Shale Formation source rock entered mid-mature oil window in the south margin and late mature oil to wet gas window in the center and the north margin of the study area. The Elang and Plover formations source rocks entered mid-mature oil window in the south margin and late mature oil to wet and dry gas window in the center and the north margin of the study area (Figure 9(d) ). The modeling results are calibrated to the simulated Seismic Line N 11805 and to the measured vitrinite reflectance values for the wells of the study area (Figure 9 and Figure 10 ), and the correspondence between the simulated and the measured values is remarkably good, which indicates that the accuracy is relatively higher for both 1D and 2D modeling.
Hydrocarbon Generation
The level of maturation possibly reliant on temperature, time, and probably, pressure. The chemical laws of kinetics, as expressed in the Arrhenius equation, state that the rate of a chemical reaction is related to temperature and time. Reaction rate generally doubles for each 10˚C increase. Thus, kerogen maturity is a function of temperature and time. The sedimentary organic matter is exposed to progressively higher subsurface temperatures, once it is buried in basins. The hydrocarbons under reducing conditions are yielded by thermal degradation of kerogen at temperatures of around 60˚C and higher [23] . Hydrocarbon may therefore have been generated from old, cool source rocks as well as from young, hot ones and involves the transformation of kerogen in organic matter into liquid and gaseous phase. . The generation of hydrocarbons from the wells of the study area is demonstrated using BasinMod 1-D software, and the amount of hydrocarbon generation was calculated using Lawrence Livemore National Laboratory, taking into account Type II/III for Tuatara (UFrigate) Formation (mixed oil-and gas-prone) organic matter, and Type III BMOD-1 (gasprone) for all remaining formations. The default values of the kinetic parameters in the BasinMod 1-D software were used. The geochemical parameters such as total organic carbon (TOC) and hydrogen index (HI) were taken from the Table 2. In the well Beluga 1, the onset of early mature oil window of the Plover, Jacaranda (Elang), Beluga (LFrigate) and Tuatara (UFrigate) formations source rocks started in the Late Cretaceous at depth of about 1585 m, 1495 m, 1458 m and 1429 m, respectively, and at temperature ranging between 85˚C and 88˚C. In addition, the start of mid-mature oil window began in Early, Middle, Late Eocene, and Early Pliocene at the depth of 2504 m, 2393 m, 2334 m and 2356 m, and at the temperature of 107˚C, 105˚C, 103˚C, and 102˚C, respectively (Figure 11(a) ). The beginning of oil window of the Petrel (Frigate Shale) and Echuca Shoals formations source rock in the well Heron 1 began in Early and Middle Cretaceous at depth of 1151 m and 1120m corresponding temperature of 85˚C and 88˚C, respectively, and the wet gas window in the Late Cretaceous and Early Neogene at depth of about 3063 m and 3328 m, and at temperature of 159˚C and 155˚C, respectively (Figure 11(b) ). The onset of oil window of Plover, Cleia (LFrigate) and Echuca Shoals formations source rocks in the well Evans Shoal 1 started in the Middle Cretaceous at depth of about 1615 m, 1598 m, and 1607 m, respectively and at temperature of 90˚C and wet gas window during the Late Miocene, Late Pliocene and Pleistocene at 3398 m, 3459 m and 3468 m depth and 156˚C, 160˚C and 162˚C temperature, respectively ( Figure  11(c) ). The start of oil window of the Plover Formation source rock in the well Evans Shoal 2 began in the Middle Cretaceous at the depth of about 1192 m and at temperature of 90˚C and the wet gas window during Early Paleogene at 3191 m depth and 165˚C temperature, and the onset of oil window of the Cleia (LFrigate) and Echuca Shoals formations source rocks, in the same well, commenced in the Late Cretaceous at the depth of about 1045 m and 1027 m and 90˚C temperature, respectively, and the wet gas window during Middle and Late Paleogene at the depth of about 2897 m and 2905 m, and at temperature 155˚C, respectively (Figure 11(d) ). The amount of oil generated from the Plover and Tuatara (UFrigate) formations in the well Beluga 1 are 15.10 and 21.16 mg/g TOC and gas are 33.36 and 13.28 mg/g TOC, respectively (Figure 12(a) ), whereas the peak genera tion for Plover Formation was at Late Cretaceous and for Tuatara (UFrigate) is at present-day (Figure 12(b) ). The amount of gas generated from the Petrel (Frigate Shale) and Echuca Shoals formations in the well Heron 1 are 36.29 and 26.77 mg/g TOC, and oil are 15.30 and 11.95 mg/g TOC, respectively (Figure 13(a) ), while their peak generation was recognized during the Late Cretaceous (Figure 13(b) ). The amount of gas generated from the Plover, Cleia (LFrigate) and Echuca Shoals formations formations in the well Evans Shoal 1 are 66.98, 18.89 (Figure 14(a) ), while their peak generation was recognized during Early Paleogene (Figure 14(b) ). The amount of gas generated from the Plov- (Figure 15(a) ), whereas the peak generation of the Plover Formation was recognized during the Late Cretaceous and Cleia (LFrigate) and Echuca Shoals formations during the Early Paleogene (Figure 15(b) ).
Conclusions
The 
